To shed light on the metal 3d electronic structure of manganese phthalocyanine, so far controversial, we performed photoelectron measurements both in the gas phase and as thin film. With the purpose of explaining the experimental results, three different electronic configurations close in energy to one another were studied by means of density functional theory. The comparison between the calculated valence band density of states and the measured spectra revealed that in the gas phase the molecules exhibit a mixed electronic configuration, while in the thin film, manganese phthalocyanine finds itself in the theoretically computed ground state, namely, the b 1 e 3 a 1 b 0 electronic configuration.
INTRODUCTION
Organic molecules with a 3d transition-metal center have become significant owing to the fact that they play a major role in a wide variety of emerging fields such as organic electronics 1 and spintronics. 2 In particular, manganese phthalocyanine (MnPc) is an organic semiconductor and molecular magnet able to act as a spin-filter. 3 Moreover, its spin can be manipulated in a controlled manner, [4] [5] [6] 8 giving rise to its possible use in molecular spintronics 7 and quantum computing applications. 9−11 In fact, it has been recently shown that the spin polarization of a single MnPc molecule may be controlled either by the chemical coordination of ligands to the central metal 4, 8 or according to the interplay between Kondo screening and superconducting pair formation. 6, 12 In this context, not only would a precise knowledge of the exact metal 3d electronic configuration of MnPc shed light on the previously mentioned effect but it would also prove to be essential in view of spintronics applications by opening the possibility of controlling the orientation of the magnetic anisotropy of the molecule. In fact, it has been recently proven that the addition or removal of ligands could be used to modulate the direction of the spontaneous magnetization. 13 Because the highest occupied 3d orbital and, respectively, the lowest unoccupied bring, in general, the largest contribution to the anisotropy, understanding the manner in which the metal states are populated may prove to be essential in both clarifying the origins of the molecular magnetic anisotropy as well as in reversibly controlling its orientation (from uniaxial to in plane and vice versa).
As opposed to the majority of transition metal phthalocyanines (TMPCs), for MnPc, the high structural symmetry is broken in a Jahn−Teller (JT) manner. 14 The molecule exhibits D 2h symmetry because an odd number of electrons populates the doubly degenerate e g molecular state, making MnPc an interesting model for analyzing the correlation between electronic structure and molecular geometry in view of the JT effect.
According to ligand-field theory, a transition metal placed into a D 4h symmetric environment will exhibit a splitting of its 3d levels, as depicted in the inset of 15 reports an e g symmetry for the HOMO level.
In the present study, the S A , S B , and S C electronic configurations were analyzed by means of DFT with the B3LYP hybrid functional to clarify the controversy. The computed valence band spectra were compared with photoelectron spectroscopy (PES) measurements performed at different photon energies in both gas phase and thin film. In this way, exploiting the variation of the atomic orbital cross sections for different photon energies, we could obtain a detailed knowledge of the elemental composition of the electronic states in the valence band.
EXPERIMENTAL SECTION
The PES measurements on the gas-phase sample were performed at the GAsPHase (GAPH) beamline of the Elettra synchrotron in Trieste, 24 using a VG analyzer mounted at 54.7° with respect to the electric vector of the light.
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Manganese(II) phthalocyanine (MnPc) (powder, purity 95%) was purchased from Sigma Aldrich. The molecules were further purified in situ before the experiment to reduce traces of contaminants. 26 The sample was sublimated using a custom built resistively heated furnace. The MnPc molecules were evaporated at 314 ± 1 °C, avoiding dissociation observed at higher temperatures. Calibration of the binding energy of the outer-valence spectra was done by He (vertical ionization energy, VIE = 24.59 eV) and by traces of vaporized water (VIE = 12.62 eV) 27 found in the system. During the whole experiment, the pressure at the ionization region remained constant (ca. 8 × 10 mbar). PE spectra have been normalized to the photon flux and to the analyzer transmission function. The thin-film experimental measurements were performed for MnPc deposited on Au/ mica substrate purchased from George Albert Physikal Vapor Disposition. Before the MnPc deposition, the surface was cleaned by several cleaning cycles (Ar 
COMPUTATIONAL METHODS
From the theoretical point of view, single-molecule DFT calculations were performed using the Gaussian 09 program. 28 A full relaxation of all atoms was allowed. The hybrid B3LYP exchange-correlation functional 29 was used along with the 6-31G(d,p) basis set (valence double-ζ plus polarization) 30 for carbon, nitrogen, and hydrogen atoms, while for Mn, the cc-pVTZ (valence triple-ζ plus polarization) 31 was employed. Starting from D 4h symmetry, the system relaxes to D 2h symmetry in the case of the S A electronic configuration. The other two electronic structures are obtained by first depopulating the highest occupied molecular orbital (HOMO) and then occupying a spin-down unoccupied level, followed by a structure optimization. Both of the resulting relaxed geometries are very close to the D 4h point group (Figure 2c ). The total and partial density of states (DOS) for the three different electronic configurations was determined using the c 2 population analysis (SCPA) method, 32 as performed in a previous study. 33 The partial density of states (PDOS) was used to simulate the photoelectron valence band spectra at different photon energies. For this purpose, the PDOS for each atomic orbital was multiplied by its corresponding photoionization cross section at the specific photon energy 34−37 and a total DOS (TDOS) for this specific energy was determined. To facilitate the comparison with experiments, the theoretical bar graphs were broadened using Gaussian functions. For Figure 3 , the calculated DOS were broadened using a 0.5 eV initial full width at half-maximum (fwhm), which was linearly increased to 2.0 eV in the range −5.0 to −15.0 eV and then kept constant. The 21.2 eV photon energy simulated spectra were shifted by 3.33 eV and the 1486.7 eV results were shifted by 3.8 eV toward lower binding energies to align the calculated spectra to the experimental first peak. In Figure 4 , a Gaussian broadening was performed starting with a 0.3 eV initial fwhm, which was linearly increased to 2.0 eV in the range of −6.5 to −10.0 eV and then kept constant. The spectra were normalized to a C 2p peak centered at −12.1 ev. The mixed spectra were shifted with 1.37 eV to higher binding energies. Similarly, S A was shifted by 1.37 eV, S B by 1.31 eV, and S C by 1.6 eV, all of them toward higher binding energies to match the first experimental peak.
RESULTS AND DISCUSSION
According to the computed total energy, the S A electronic configuration character in the C feature, while S B and S C lack metal 3d states in the same region.
The previously mentioned differences are strongly relevant when comparing the computed spectra with PES measurements performed at different photon energies. previous experimental studies. 17, 18 On the contrary, in the gas phase, a mixed electronic structure manifest itself, as will be discussed in the following. 
CONCLUSIONS
To summarize, DFT calculations of three Mn 3d electronic configurations were performed, and the calculated valence band spectra were compared with PES measurements of the MnPc thin film and gas phase at different photon energies.
The main result of the present study is that in the thin film, MnPc finds itself in the calculated electronic ground state b 1 e 3 a 1 b 0 , while in the gas phase it exhibits a mixed electronic configuration (S A and S B ). We demonstrate that the ground state of different kinds of samples is determined by factors that one can affect such as temperature, preparation method, or intermolecular interactions. In this sense, knowledge of the exact electronic configuration of MnPc and of the fact that it can be modified opens up the possibility for manipulating the direction of the molecular magnetic anisotropy in molecular spintronics applications.
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